ABSTRACT
INTRODUCTION
Arthroscopic surgery of the temporomandibular joint (TMJ) involves puncturing the superior joint compartment with a trocar and subsequently the examination with an arthroscope. Complications arising from an inadvertent trauma to the surrounding anatomical structures may include injury to the external ear, the middle ear [1, 2] , and even the brain [3, 4] because the roof of the glenoid fossa is very thin and translucent [5] . For 301 cases of arthroscopic lysis and lavage, Tsuyama et al. [6] have reported an incidence of 8.6% of otologic complications. During the surgery, arthroscopic anatomy does not allow a surgical view of the fissures underlying the fibrocartilage [7] , or ruptures in the bone of the fossa. This applies particularly when prior to the scope's entry the first puncture is placed at the maximum concavity of the glenoid fossa. During the TMJ arthroscopy, Sugisaki et al. [8] indicated the potential risk of the middle ear injury, through the foramen of Huschke and/or Hugier's canal, of the tympanic plate. Hugier's canal is at the medial end of the petrotympanic fissure (PTF), through which the chorda tympani nerve exits the tympanic cavity (alsocalled "canal of Huguier", or "iter chordae anterius"). Furthermore, in 1962 Pinto [9] showed that there is a close relationship between the structures of TMJ and the middle ear. This was mainly attributed to the presence of the anterior malleolar ligament (AML), and the disco malleolar ligament (DML) [10] [11] [12] . Both ligaments exit the tympanic wall anteriorly from the malleus' anterior process directed towards the PTF [13] [14] [15] [16] . DML and AML are separated in the PTF by an osseous triangular crest. He also suggested that the movements of TMJ transferred via DML could cause the movement of the ear ossicles and the tympanic membrane [9] . A recent histological study supports this assumption [14] . These movements could cause subjective hearing loss, tinnitus and TMJ pain [17] . Most recently, Buergers et al. [17] showed that the prevalence of tinnitus was found to be 8 times higher in participants with temporomandibular disorders (TMD) than in participants without TMD. Moreover, some studies suggest that the degree of closure of PTF could explain the presence of hearing symptoms in patients with TMD [11, 16] . Ҫakur et al. [18] found that a statistically important negative association exists between PTF type and tinnitus. They also state that a short, wide PTF (type 1) might be associated with an increased risk of tinnitus in patients with TMD [18] . Additionally, Schickinger et al. [19] reported that a variation of the PTF morphology could be a possible cause of an otologic complication during TMJ arthroscopy. A comprehensive anatomic review of the fissures related to TMJ structure was published by Anagnostopoulou et al. [20] . However, that study was based on 40 dry skulls and no cone-beam computed tomography (CBCT) evaluation was performed. This delicate bony anatomical structure of PTF can neither be viewed directly during surgery, nor can that structure be properly assessed by means of panoramic radiographs, due to their inherent limitations. Thus, the preoperative CBCT or computed tomography (CT) remain the only means of assessing continuity of the bony lining of the fossa, and the abnormal presence of ruptures and fissures in the bony cavity of the joint. By using short scanning times and reduced patient dose, the CBCT systems' advantage is that they produce highquality images with submillimetre resolution. CBCT may also provide an accurate depiction of subtle structures, such as: a) the surgically relevant middle ear structures, b) the anatomy of the temporal bone, and c) the lateral skull base. That accurate depiction is comparable to those of multi-detector computed tomography (MDCT) [21, 22] . Consequently, a preoperative CBCT examination could reveal an open PTF. This finding could be considered as a "locus minoris resistentiae" and thus constituting a possible contraindication of arthroscopic surgery. This study aims at: a) examining the visibility and morphology of the petrotympanic fissure on cone-beam compute tomography images, and b) investigating whether or not the petrotympanic fissure morphology is significantly affected by gender and age.
MATERIAL AND METHODS Subjects
From the archives of a certified imaging center in Amsterdam, The Netherlands, a series of randomly selected patients' CBCT examinations, performed in the period from 2011 to 2015, was used for the purposes of this study. In addition, the patient's identity was protected by codification. It is noted that for this type of study formal consent was not required.
CBCT imaging
All CBCT examinations were made by using the NewTom VGi CBCT unit (QR Srl., Verona, Italy), at 110 kVp, 2 -5 mA and 3.6-second exposure time. 
Evaluation of the CBCT images
The area of interest (TMJ, tympanic cavity, and the adjacent temporal bone) was selected from the reconstruction volume. It was subsequently enhanced to provide a clear description of the subtle structures. The reconstructed images were examined by two observers: a) an oral and maxillofacial radiologist (K.S.) with 13 years' experience in CBCT image interpretation; and b) a general dental practitioner (R.S.) with one-year CBCT imaging training. Due to the complex anatomy of this region, the two observers assessed by consensus the morphology of PTF. The protocol used is as follows: initially, the CBCT data-sets were viewed at axial planes, starting from the most cranial view. By scrolling down this continued until a clear view of the simultaneous presence of PTF, the adjacent mandibular fossa, and the cranial part of the tympanic cavity, was reached. Subsequently, cross-sectional images at an interval of 1 mm were created by adopting a modification of Pöschl's projection [23, 24] . This modification entailed the creation of a level at an angle of 45° approximately to the coronal and sagittal planes and aligned parallel to the PTF. These cross-sectional images exhibit the best display of the PTF, the mandibular fossa, and the tympanic cavity ( Figure 2 ). The PTF-morphology was categorized in three types: type 1 -widely open; type 2 -narrow middle; type 3 -very narrow/closed. These types were based on the morphological characteristics of the shape and the degree of closure, and they are similar to those described by Sato et al. [16] . Only the description of type 2 has been slightly modified (Figure 3 -5) . 
Statistical analysis
Descriptive analysis was performed by summarizing categorical variables through counts and proportions (%), and continuous variables by their mean and standard deviation (M [SD]). The association between left and right PTF-morphology was assessed by using the Cohen's weighted Kappa coefficient. Differences in PTF-morphology by gender and by age were summarised through two-way tables. The significance of these differences was assessed by using Chi-square tests or ordinal logistic regression models. Differences were considered significant when P < 0.05. All analyses have been performed by using Stata 13 (Stata Corp., TX USA).
RESULTS
The demographic characteristics of the sampled CBCTs of patients (gender and age) together with their PTF morphology are summarized in Table 1 . Forty-seven out of the 106 CBCTs (44.3%) exhibited the same type of PTF-morphology bilaterally. The resulting Kappa coefficient was 0.37 indicating a fair agreement, but a significant (P < 0.001) association (Table 2) .
Regarding the PTF morphology, no significant difference was found between males and females. Analysis with ordinal logistic regression showed a tendency for males to have narrower PTFs compared to females (OR = 1.58 for right and OR = 1.5 for left PTF), but gender was not found to play a significant role in PTF's morphology (P = 0.264 and P = 0.211 for right and left PTFs respectively) ( Table 3) . To investigate further any potential correlation of the PTF's morphology with age, we created three sub-groups as a function of age: group A, 14 -29 years; group B, 30 -49 years; group C: > 50 years.
Results showed that the distribution of the right PTF's morphology was uniform across age groups (P = 0.04), whilst also the analysis through ordinal logistic regression did not reveal any systematic trends towards narrower or wider PTFs at older ages (P = 0.908). Similarly, there were no significant differences (P = 0.596) or trends (P = 0.86) with increasing age in the distribution of the left PTF's morphology (Table 4) 
DISCUSSION
This study lends significant support to the following: a) CBCT is sufficient to depict subtle structures as those of PTF; b) CBCT provides detailed information about the morphological characteristics of PTF; c) PTF-morphology is not related to age and gender; and d) the analysed CBCT images indicate that there is a tendency for males to have narrower PTFs than females.
Our results are in line with those of Ҫakur et al. [18, 25] who also found that there is no predisposition of age and gender to PTF-morphology. However, the incidence of the morphological types of PTF in our study differs from both the findings of Sato et al. [16] and also those of Ҫakur et al. [18, 25] since both authors used the same classification pattern.
The differences between this study and the studies of those two authors may, at least partly, be attributed to: a) the different cohorts studied, since Sato et al. [16] examined fourteen resected cadavers and Ҫakur et al. [18, 25] TMD/tinnitus patients; and b) the different projections used, since they both used the Reid's base line as a reference level, and performed their measurements only at an anterior-posterior orientation on sagittal images. Interestingly, the incidence of the PTF-morphology's types differs significantly between the two studies of Ҫakur et al. [18, 25] . In the present study, and as described by Sato et al. [16] , a small modification of the types of PTF was applied. This modification was chosen to achieve a clear difference in terms of the radiographic display between the type 2 (narrow middle) and type 3 (very narrow/closed) PTF-morphology. Notably, regarding the type 2 (narrow middle) PTF-morphology our modification did not affect the final results, as these are comparable with those in the study of Ҫakur et al. [18] . The modification of Pöschl's projection [23, 24] adopted in the present study enables the clear observation of the PTF morphology across its entire length. This is due to the evaluation of the cross-sectional images -reconstructed from the volumetric data set -of the region of interest. These particular manipulations of the multi-planar CBCT imaging allow a clear and easy evaluation of this subtle structure, and not merely the sagittal images that was performed in the abovementioned studies. One may criticise that the CBCT imaging contribution to the PTF evaluation might be questionable. The counter-argument to such criticism is that there are studies showing that CBCT provides better definition of fine osseous structures of temporal bone than that of currently available MSCT scanners [21] . Moreover, CBCT proved to be at least as accurate as routinely used MSCT in revealing the clinically and surgically important middle-ear structures [22] . Moreover, the study of Sato et al. [16] incorporates CBCT images in relation to data obtained from dissected cadavers mainly of the surrounding area of PTF. Thus, we believe that our choice of CBCT imaging is justified. Moreover, one further criticism of our study might be that we have not obtained concrete measurements on the types of PTFs, since our results have relied upon on visual evaluation only. However, the adopted modification of Pöschl's projection [23, 24] that we used provides a "volumetric" approach of the PTF morphology that is difficult to measure. It should also be noted that the magnification of the image may introduce inaccuracies that poses challenges to quantification. This could be the subject of future studies.
Another interesting finding of the present study is that there is no correlation between on the one hand age and gender, and on the other hand PTF-morphology. However, the incidence of the morphological types of PTF that were identified in our study could contribute to further clinical and/or pre-surgical evaluation of a patient as described below.
In view of the findings about the ligamentous connection that exists between the bilaminar zone of the articular disk of TMJ (posterior segment of the capsule of TMJ) and the tympanic cavity [6, 12, [14] [15] [16] 26] , the imaging techniques of the present study could contribute to the further evaluation of TMD related symptoms (e.g. anterior articular disk displacement, tinnitus, etc.) [14, 16, 26] . This consideration is in agreement with Sato's et al. [16] suggestion that the movement of the malleus in the middle ear by traction of the DML depends on the degree of closure of the PTF during development. Also, Aristeguieta et al. [26] support this finding. At any rate, it must be borne in mind that the degree of closure of the PTF and its role in TMD and auditory symptoms development is still debated due to their multifactorial aetiology. Additionally, several TMJ surgical procedures such as: inferior distraction of the condyle, surgery for internal derangements, condylar trauma, and vertical distraction of the mandibular ramus, may cause stretching of these ligamentous structures resulting in disturbing the middle ear ossicles equilibrium [12] . [27] about avoiding complications when performing arthroscopic surgery. Tsuyama et al. [6] pointed out that the operator should have a thorough understanding of the regional anatomy involved to prevent complications arising from TMJ arthroscopic surgery. Our results contribute to this effort. Thus, by using CBCT data, the surgeon will have a clear view, first, of the fine bony structure laying underneath the navigation points used for arthroscopy, and, second, the agenesis of the foramen of Huschke, which although rare, it could nonetheless be a potential site of entrance into the middle ear from the posterior aspect of the TMJ. At any rate, when sharp instruments are used for penetrating the joint, these should be directed anteriorly. Judicious use of mini-instruments could enhance safe arthroscopic surgery [13] . Both mechanical ruptures of the joint structures caused by the surgical and arthroscopic instruments and also fluid leaks due to high pressure irrigation could be the cause of otologic complications [28, 29] .
CONCLUSIONS
This study supports that particular manipulations of the multi-planar cone-beam computed tomography imaging enable a clear depiction of the morphological characteristics of the subtle structure of petrotympanic fissure. We have found that its morphology is neither gender nor age related. Due to the limitations of our study, the results should be taken with caution. At any rate, they could contribute to the preoperative evaluation of the petrotympanic fissure morphology, thereby contributing to the avoidance of complications when performing arthroscopic surgery.
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